Electron beam test welds were made joining flat plates of commercially pure niobium to a uranium-6wt%Nb (binary) alloy. The welding parameters and joint design were specifically developed to minimize mixing of the niobium with the U-6%Nb alloy.
Introduction
Electron beam test welds were made joining flat plates of commercially pure niobium to a uranium-6wt%Nb (binary) alloy. The welding parameters and joint design were specifically developed to minimize mixing of the niobium with the U-6%Nb alloy.
A Modified Faraday Cup (MFC) technique using computer-assisted tomography was employed to determine the precise power distribution of the electron beam so that the welding parameters could be directly transferred to other welding machines and/or to other facilities.
Procedures
Electron beam welding was performed at Lawrence Livermore National Laboratory using a 150 kV/50 mA Hamilton Standard welder (No. 175) fitted with a ribbon filament and an R-40 gun. A 10 mA, 100 kV sharp-focused electron beam was used to weld the parts in a vacuum chamber pumped down to 10 -5 torr. The parts were located 7.0 inch below the top of the vacuum chamber, and the weld was made by moving the parts at a constant travel speed of 40 ipm under the stationary electron beam.
The commercially pure Nb plate was received in the annealed condition and contained 10 ppm C, 95 ppm O, 35 ppm N, <5 ppm H, 400 ppm Ta, 15 ppm Fe, and 15 ppm Si, based on the mill analysis. The U-6%Nb alloy was acquired in plate form and had been heat treated for 2 hours at 200 °C; the composition of this plate was not measured.
In order to minimize mixing between the Nb and U-6%Nb, a weld joint design was developed with a 70°deg. angle to help match the natural wedge shape of the electron beam fusion zone to the U-6%Nb alloy that was being melted. In this design, the electron beam was concentrated on the U-6%Nb side of the joint to help mitigate the large difference in melting points between the Nb (2469°C) and U-6%Nb (1140°C). Figure 1 shows a schematic drawing of the joint and the location of the electron beam, which is offset 0.020 inch from the location where the Nb and U-6%Nb come together on the top surface of the plates. This offset distance was chosen based on the results of several practice welds, which showed that the molten U-6%Nb may not wet the entire Nb interface to the top of the joint if the beam is offset more than 0.020 inch from the interface with these welding parameters, and that undesired melting of the Nb occurred if the offset was less than 0.020 inch.
The power density of the electron beam was measured using a Modified Faraday Cup (MFC) device [1] [2] [3] . These measurements were made by deflecting the electron beam in a circular pattern over the top of the MFC. The MFC design contained 17 slits Figure 4c shows a close up view of the U-6%Nb side to the fusion zone, indicating that the molten U-6%Nb alloy solidified in a cellular/dendritic mode with epitaxial regrowth from the U6%Nb base metal. Future work is planned to study the mechanical properties of this joint.
Summary
High integrity electron beam welds joining commercially pure niobium to a U6%Nb alloy were made without any special procedures other than to incorporate an angled joint interface to minimize mixing between the high melting point Nb and the U- 
